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Holistic processing impairment can be restricted
to faces in acquired prosopagnosia: Evidence from
the global/local Navon effect

Thomas Busigny™ and Bruno Rossion

Université Catholique de Louvain, Louvain-la-Neuve, Belgium

Previous studies have shown that acquired prosopagnosia is characterized by impairment
at holistic/configural processing. However, this view is essentially supported by studies
performed with patients whose face recognition difficulties are part of a more general
visual (integrative) agnosia. Here, we tested the patient PS, a case of acquired
prosopagnosia whose face-specific recognition difficulties have been related to the
inability to process individual faces holistically (absence of inversion, composite, and
whole—part effects with faces). Here, we show that in contrast to this impairment, the
patient presents with an entirely normal response profile in a Navon hierarchical letter
task: she was as fast as normal controls, faster to identify global than local letters, and
her sensitivity to global interference during identification of local letters was at least
as large as normal observers. These observations indicate that holistic processing as
measured with global/local interference in the Navon paradigm is functionally distinct
from the ability to perceive an individual face holistically.

Acquired prosopagnosia is classically defined as the inability to recognize individual
faces following brain damage, an impairment that cannot be attributed to intellectual
deficiencies or low-level visual problems (Bodamer, 1947; Quaglino & Borelli, 1867,
Rondot & Tzavaras, 1969). Over the years, tens of cases of prosopagnosia following
brain damage have been reported, although in-depth neuropsychological investigations
of prosopagnosic patients remain quite rare.

‘What is the nature of the prosopagnosic disorder? An influential idea is that these
patients have difficulties in perceiving a face (w)bolistically. This long-standing view
(Galli, 1964) was originally inspired from the Gestaltist approach of visual perception
in general (e.g., Kohler, 1929; for a review, see Wertheimer, 1967), a view that has
been revitalized by several authors (e.g., Beck, 1982; Navon, 1977; Shepp & Ballesteros,
1989; Uttal, 1988; for a review, see Kimchi, 1992). According to the holistic view,
visual patterns are not only made of featural elements, but are also defined by the
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interactions between these constituents, a property that is called configuration or
(w)ybolistic property (e.g., Navon, 2003). A whole item is qualitatively different from
the sum of its components, the whole exceeding the sum of its parts.

Following this early account of prosopagnosia (Galli, 1964), many patients have been
reported to present with such an inability to integrate simultaneously different features
into a coherent global representation (Davidoff, Matthews, & Newcombe, 1986; Levine
& Calvanio, 1989; Riddoch & Humphreys, 1987; Saumier, Arguin, & Lassonde, 2001;
Sergent & Villemure, 1989; Spillmann, Laskowski, Lange, Kasper, & Schmidt, 2000). For
example, Riddoch and Humphreys (1987) described the patient HJA as presenting with
‘an impairment in integrating local part information with information about global shape,
in that local parts are treated separately and not grouped together to elaborate the global
shape description’ (p. 1444).

In line with the scientific literature on normal face processing, two labels have been
used to refer to this kind of impairment in prosopagnosia. While some authors used
the term ‘configural’, others rather used the term ‘holistic’. For example, Levine and
Calvanio (1989) defined LH’s perceptual defect as reflecting an impairment of visual
configural processing, defined as ‘the ability to identify by getting an overview of an
item as a whole in a single glance’ (p. 159). Other authors, such as Spillmann et al.
(2000), mentioned that their patient, WL, was unable to form a holistic percept of a
face, i.e., ‘the ability to create an integrated, unitary percept or a Gestalt of human face
enabling him to assign identity to an individual’ (p. 98). However, despite the use of
different terms, these authors appeared to refer to the same process: the perception of
the visual stimulus, with its multiple parts, as an integrated whole.

What is the empirical evidence supporting these claims? Different visual tasks have
been used in the literature to assess holistic processing in acquired prosopagnosia, most
of the time with non-face visual patterns: the Street Figure-Completion Test (Street,
1931), the Gollin incomplete pictures (Gollin, 1960), the Kanisza figures (Kanizsa,
1955) or other visual closure tasks (e.g., Levine & Calvanio, 1989), and overlapping
figures recognition tests (e.g., Ghent, 1956; Poppelreuter, 1917). The large majority of
the acquired prosopagnosic patients were impaired at these tasks (e.g., Behrmann &
Kimchi, 2003; Delvenne, Seron, Coyette, & Rossion, 2004; De Renzi, 1986; De Renzi,
Faglioni, Grossi, & Nichelli, 1991; Lé et al., 2002; Levine & Calvanio, 1989; Lhermitte,
Chain, Escourolle, Ducarne, & Pillon, 1972; Shuttleworth, Syring, & Allen, 1982).

However, the classical and most widely used paradigm is based on the ‘Navon
effect’ (Kimchi, 1992). In his original paper, Navon (1977) tested the hypothesis that
perceptual processes proceed from global structuring towards more and more fine-
grained analysis, a theory that he termed global addressability. To test this theory, Navon
created hierarchical letters, in which global letters are composed of small versions of
the same or different letters. He showed that normal observers have an advantage at
processing the global letters, and that processing of the local letters is influenced by
the global letters. Brain-damaged patients usually fail to show the Navon effect (e.g.,
Lamb, Robertson, & Knight, 1989), particularly those patients with visual integrative
agnosia and prosopagnosia (e.g., HJA, Humphreys, Riddoch, & Quinlan, 1985; WJ and
BH, Rapcsak, Polster, Comer, & Rubens, 1994; RN, Behrmann & Kimchi, 2003; SE,
Aviezer et al., 2007, several cases in Behrmann, Avidan, Marotta, & Kimchi, 2005). In
a recent study, Barton (2009) used a modified version of the classical Navon (1977)
task in order to assess holistic processing of non-face visual patterns in a group of
eight prosopagnosic patients [one childhood-onset patient (001) and seven adult-onset
patients (004, 005, 006, 007, 009, 010, 011)]. As a group, the prosopagnosic patients
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were faster to detect the presence of the target when it was present at both the
local and the global levels, and faster in the global-only condition in comparison with
the local-only condition. Even though these data indicated the presence of residual
holistic processing, the patients were significantly slowed down in comparison with
age-matched controls, so that, as acknowledged by the author, the patients’ holistic
processing may not be entirely preserved. Moreover, the majority of patients tested in
that study (Barton, 2009) were reported in previous studies as presenting difficulties
at other global object processing tasks: 004, 007, and 010 were impaired on a task of
overlapping figures recognition (Barton, Cherkasova, Press, Intriligator, & O’Connor,
2004), 006 was impaired at reconstructing incomplete letters (Barton et al., 2004), and
011 - better known under the initials LH - was impaired on tasks of visual closure and
recognition of fragmented figures (Levine & Calvanio, 1989).

Considering these observations altogether, it appears that the large majority of
acquired prosopagnosic patients present with impairment in holistic processing.
This observation supports, at first glance, the claim of Levine and Calvanio (1989)
that ‘(acquired) prosopagnosia is a general impairment at configural (i.e., holistic)
processing’.!

There is, however, a serious issue that has not been considered deeply enough
to reach this kind of conclusion. That is, all the patients who did not present with
the Navon effect or other measures of holistic processing with non-face objects are
cases of prosopagnosia who, on top of their difficulties of face recognition, present with
significant object recognition difficulties. This is for instance the case of HJA (Humphreys
et al., 1985), LA and GD (De Renzi et al., 1991), SB (L¢é et al., 2002), RN (Behrmann &
Kimchi, 2003), SE (Aviezer et al., 2007). This is also true, although perhaps to a lesser
extent, for the patients included in Barton (2009)’s study, all patients but one (009) having
difficulties in recognizing non-face objects (e.g., fruits and vegetables, Barton, 2008). In
contrast, several cases of acquired prosopagnosia with no known object recognition
deficit actually succeeded in tasks of visual closure: three patients studied by De Renzi
and colleagues [patient no. 4 (De Renzi, 1986), VA (De Renzi et al., 1991), and Anna (De
Renzi & di Pellegrino, 1998)] presented with no impairment in the Street’s completion
or in the overlapping figures recognition tests. Two cases in Takahashi, Kawamura,
Hirayama, Shiota, and Isono (1995) with no basic object recognition difficulties (cases
no. 1 and no. 3) also succeeded in tasks of Gestalt completion and overlapping
figures recognition and showed a normal Kanizsa effect. Another case of prosopagnosia
with no general visual agnosia, MT (Henke, Schweinberger, Grigo, Klos, & Sommer,
1998), also succeeded the Street’s completion task and recognized easily overlapping
figures.

These last observations pose great difficulty to the view that prosopagnosia is
an impairment at holistic/configural processing. Indeed, if impairment at holistic
processing is found only in cases whose recognition difficulties are not restricted
to faces, one may question the relevance of this holistic processing hypothesis
with respect to understanding the nature of the face recognition impairment in
prosopagnosia.

! Note that this statement referred to cases of acquired prosopagnosia, but not to patients with developmental or congenital
prosopagnosia, who may (Behrmann et al., 2005; Bentin, DeGutis, D’Esposito, & Robertson, 2007) or may not (Bentin,
Deouell, & Soroker, 1999; Duchaine, 2000; Duchaine, Germine, & Nakayama, 2007; Nunn, Postma, & Pearson, 2001) be
impaired at tasks measuring holistic processing such as the Navon task.
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Regarding this issue, there are two possibilities. Either the pure cases of prosopagnosia
reported in the literature do not have difficulties at holistic processing, even when faces
are concerned. Or, their holistic processing impairment is restricted to face stimuli.

Our previous work with a pure case of prosopagnosia following brain damage, PS
(Rossion et al., 2003) rather supports the second view. Throughout a set of recent
studies, we showed that when it comes to individualize faces, PS proceeds feature-by-
feature, without being influenced by other features than the one she fixates at a given
time (Orban de Xivry, Ramon, Lefevre, & Rossion, 2008; Ramon, Busigny, & Rossion,
2010; Ramon & Rossion, 2010; Van Belle, de Graef, Verfaillie, Busigny, & Rossion, 2010).
It is not the first time that one demonstrates such a behaviour, interpreted as a loss
of holistic face processing, in a case of prosopagnosia (e.g., Boutsen & Humphreys,
2002; Saumier et al., 2001; Sergent & Villemure, 1989; Spillmann et al., 2000). However,
the studies of the patient PS showed for the first time that an impairment of holistic
processing can characterize well the nature of prosopagnosia in a patient who is
nonetheless perfectly capable of normal object recognition (Rossion et al., 2003). What
we have not demonstrated in previous studies, however, is that PS’ ability to process
non-face objects holistically is intact. This was the goal of the present study, which was
theoretically motivated by our belief that what is meant by holistic processing for objects
and faces differ fundamentally on at least one aspect: contrary to non-face objects, holistic
processing for faces takes place at the individual level, i.e., when one has to distinguish
between individual members of the visual category.

Experiment: the Navon effect as tested with patient PS

Here, we tested the patient PS who presents with a clear prosopagnosia with no
impairment in object recognition, neither at the basic level, neither at more subordinate
levels (Busigny, Graf, Mayer, & Rossion, 2010; Busigny & Rossion, 2009; Ramon et al.,
2010; Ramon & Rossion, 2010; Rossion et al., 2003; Schiltz et al., 2006). This patient
presents with impairment in individualization of faces and previous studies showed that
she does not have any face inversion effect (Busigny & Rossion, 2009), and that she does
not show the whole-part face advantage and the composite face effect (Ramon et al.,
2010). Thus, we have previously concluded that PS does not process individual faces
holistically. In the present study, we aimed at assessing if this impairment extends to
non-face object processing. As Barton (2009) and others (Aviezer et al., 2007; Behrmann
& Kimchi, 2003; Humphreys et al., 1985; see also Behrmann et al., 2005), we used
a task with Navon hierarchical letters. If PS’ impairment in holistic processing is not
specific for individual faces, she should not present with a Navon effect as large as
normal observers. However, since PS does not present with any difficulties in basic-level
object recognition (Rossion et al., 2003), we rather hypothesized that she will present
with normal performance in this task.

Methods

Participants

PS and seven gender- and age-matched participants were administered with the Navon
effect task. When she performed the task, PS was aged 58 years (2009). Control
participants had no history of neurological or vascular disease, head injury or alcohol
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abuse, and did not have cognitive complaints (mean age: 57.1; SD: 3.89). All participants
gave informed consent. PS is a case of acquired prosopagnosia who has been reported in
detail in several publications focusing on her behavioural and neural processing of faces
(e.g., Busigny & Rossion, 2009; Caldara et al., 2005; Rossion et al., 2003; Rossion, Legrand,
Kaiser, Bub, & Tanaka, 2009; Sorger, Goebel, Schiltz, & Rossion, 2007). To summarize
briefly, PS was born in 1950 and sustained closed head injury in 1992 that left her
with extensive lesions of right inferior occipital cortex and the left mid-ventral (mainly
fusiform) gyrus. Minor damage to the left posterior cerebellum and the right middle
temporal gyrus were also detected (see Sorger et al., 2007, for extensive anatomical
details). After medical treatment and neuropsychological rehabilitation, PS recovered
extremely well from her cognitive deficits following the accident. Her only continuing
complaint remains a profound difficulty in recognizing familiar faces, including her own
face on photographs, and family members’ faces when presented out of context. To
determine a person’s identity, she relies on external cues such as haircut, moustache, or
glasses, but also on the person’s voice, posture, gait, etc. She may also use suboptimal
facial cues such as the mouth or the lower external contour to recognize faces, and
is particularly impaired at extracting diagnostic information from the eyes of the face
(Caldara et al., 2005; Rossion, Legrand, Kaiser, Bub, & Tanaka, 2009). For discriminating
faces from other objects, PS performs as well as normal participants but is impaired and
slowed down at recognizing faces at the individual level (Rossion et al., 2003; Schiltz
et al., 2006). The Benton Face Recognition Test (Benton & Van Allen, 1968), which tests
ability to match photographs of faces that vary with respect to viewpoint and lighting,
ranks her as highly impaired [18/54 as tested shortly after her accident; 39/54 (72.2%) as
tested in 2007, which is below normal range for age- and sex-matched controls (84.7% =+
6.09), while taking 37.5 min to perform a test that is done in about 6 min (351 + 7.7s)
by normal age-matched controls]. Her score at the Warrington Recognition Memory Test
(Warrington, 1984) for faces characterizes her as significantly less accurate as controls
(see Table 1 in Sorger et al., 2007). PS does not present any difficulty in recognizing
visual objects: she does not complain of any object recognition problems, she was
perfect and fast at recognizing the colourized Snodgrass and Vanderwart stimuli (Rossion
& Pourtois, 2004). PS also performed in the normal range at discriminating numerous
non-face objects in previous studies: cars, novel multipart objects, living and non-living
objects (Busigny & Rossion, 2009; Busigny et al., 2010; Rossion et al., 2003; Schiltz
et al., 2006). PS’s visual field is almost full (with exception of a small left paracentral
scotoma, as in many cases of acquired prosopagnosia following right posterior ventral
lesions; see Bouvier & Engel, 2006; Hécaen & Angelergues, 1962), her visual acuity is
good (0.8 for both eyes as tested in August 2003), and despite the right hemisphere
lesion encompassing area V4/V8, her colour perception is in the lower normal range
(see Sorger et al., 2007).

Stimuli

The stimuli were four hierarchical letters of two types: consistent and inconsistent letters.
In the consistent letters, the global and the local letters were identical (i.e., a large H
made of smaller Hs and a large S made of small Ss). In the inconsistent letters, the global
and the local letters were different (i.e., a large H made of smaller Ss and a large S made
of smaller Hs; Figure 1). The global letters subtended 3.2° in height and 2.3° in width,
and the local letter subtended 0.53° in height and 0.44° in width.
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H H sSSg s S HHHy
H H S S S H

HHHH Sssg ssss HHHy
- H s s S H
H H SssS s s HHHH

Consistent letters

Inconsistent letters

Figure |. Stimuli used in the Navon hierarchical letters task.

Procedure and analyses

The stimuli were presented using E-Prime 1.1 (Schneider, Eschman, & Zuccolotto, 2002).
Participants were positioned at about 40 cm from the screen. They were asked to
provide a binary response using the keyboard of the laptop computer. Each stimulus
was presented one by one for unlimited time with the instruction to identify either the
global letter, or the local letter, by pressing a corresponding key. A 500 ms ISI and a
500 ms fixation cross preceded each trial. The experiment was divided into 4 blocks of
48 consistent and inconsistent randomized trials. In the blocks 1 and 3, the instructions
were to identify the global letter, in the blocks 2 and 4, the instructions were to identify
the local letters. The order was kept identical for each control and the patient.

For intra-subject and -group statistical analyses, we used respectively classical
independent sample ¢ tests and paired sample ¢ tests. These analyses were conducted
by SPSS 18.0 within the framework of one-tailed hypothesis (.05 p value). Percentages
of correct responses and response times on correct trials were calculated. RTs that were
longer than 28Ds of the mean were discarded (2 trials for PS, analyses without these
outlier values gave the same results).

To compare the results of PS to the control participants, we used the modified # test of
Crawford and Howell (1998) for single case studies. This procedure decreases the Type
I error as it tests whether a patient’s score is significantly below controls by providing a
point estimate of the abnormality of the score. Here, we used a .05 p value within the
framework of a unilateral hypothesis. Consequently, all scores associated with a p value
under .05 were considered as reflecting an abnormal result. Analyses were conducted
with a computerized version of the Crawford and Howell’s method: SINGLIMS.EXE:
Point estimate and confidence limits on the abnormality of a test score (Crawford &
Garthwaite, 2002).

Results

First, regarding the accuracy, all control participants as well as PS achieved ceiling
performance. Through the four conditions, the age-matched controls succeeded with
99.3% and PS made no mistake (100% in each condition).

Next, concerning the correct RTs, as it is typically demonstrated (Navon, 1977),
the age-matched controls showed an interference effect in the local condition: the
identification of the smaller letter was influenced by the large one, the performance
being significantly lower when the global and the local letters were inconsistent (5 =
3.708, p < .01; Figure 2a). We also found an interference effect in the global condition:
the identification of the large letter was influenced by the smaller ones, the performance
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(a) Navon effect: Local condition
m Consistent
1100 4 sig* sig* H H
1000 - H H
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(k) Mavon effect: Global condition
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700 s o
$55§
600 - 8 s
Pl Controls PS s 3

Figure 2. Results of PS and age-matched controls in the Navon hierarchical letters task. (a) Results
in the local condition, in which participants have to identify the local letter. (b) Results in the global
condition, in which participants have to identify the global letter. Bars represent standard errors.

being significantly lower when the global and the local letters were inconsistent (¢ =
2.374, p < .05; Figure 2b). This effect was not originally demonstrated by Navon in his
first study (Navon, 1977), but it was found in subsequent studies (e.g., Barton, 2009;
Behrmann et al., 2005). Although there was a tendency for the interference to be larger

(a) Local condition: Percentage of interference effect
0.15

0.10
0.05

0.00
-0.05 C1 cz2 Cc3 C4 PS cs cé C7  Mean

% of effect

(b) Global condition: Percentage of interference effect
0.15

0.10
0.05
0.00
-0.05

% of effect

Cc6 Cs C4 PS c2 c7 c1 c3 Mean

Figure 3. Interference indexes calculated for each single participant in both local and global conditions.
(a) Percentage of interference effect in the local condition. (b) Percentage of interference effect in the
global condition.
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Percentage of difference in RTs between conditions (Local - Global)
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C1 PS c7 c6 c3 c5 C2 c4

Figure 4. Percentage of difference calculated between local and global conditions for each single
participant.

in the local than in the global condition, it did not reach significance (¢4 = 1.381,
p=.1D.

Regarding PS’s response times, they were in the normal range for the four conditions:
local/consistent (PS: 808 ms; mean: 791 ms; ¢ = 0.092, p = .47), local/inconsistent (PS:
886 ms; mean: 912 ms; ¢ = 0.101, p = .46), global/consistent (PS: 720 ms; mean: 800 ms;
t = 0.411, p = .35), and global/inconsistent (PS: 761 ms; mean: 861 ms; ¢ = 0.429, p =
.34; Figure 2). Second, PS was significantly sensitive to the interference both in the local
condition (f94 = 1.931, p < .05) and in the global condition (fo4 = 1.936, p < .05;
Figure 2).

Third, we computed the indexes of interference using the formula
[(consistent—inconsistent)/(consistent + inconsistent)] for both the local and global
conditions. PS obtained the same level of interference indexes as the age-matched
controls in the local condition (PS: 4.63%; mean: 6.65%; ¢ = 0.551, p = .30) and in
the global condition (PS: 2.77%; mean: 3.47%; t = 0.184, p = .43). Figure 3 shows that
the effects magnitude of PS was completely in the range of normal controls for both
local and global conditions.

Finally, we compared the global and the local conditions between each other.
Age-matched controls did not present with a significant difference between the two
conditions (global mean: 830 ms, local mean: 851 ms; ;s = 0.359, p = .38), some
controls being faster in the global than the local condition, while others showed the
opposite difference (Figure 4). Regarding PS, she was significantly faster in the global
condition (global mean: 741 ms, local mean: 847 ms; t199 = 4.576, p < .001), which
is the classical profile observed in previous studies (e.g., Barton, 2009; Navon, 1977).
Finally, PS showed the same magnitude of effect in the local condition and the global
condition (no interaction effect between Condition x Congruency: Fq 197 = 0.667,
p=2D.

In summary, PS has a completely normal profile: she is as fast as controls in each
of the two conditions, she is faster in global than in local condition, and when she has
to identify a local letter she is normally influenced by the global context. These results
show that PS is able to derive normally a global configuration from the organization of
local elements, suggesting that she has preserved general visual holistic processing.

Discussion

Previous studies revealed that the patient PS has a large impairment in holistic face
processing, showing no face inversion effect, no whole-part face advantage, and no
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composite face effect (Busigny & Rossion, 2009; Ramon et al., 2010). In contrast,
the present observations indicate that PS has a normal response profile in the Navon
hierarchical letters task: she was as fast as controls, she was faster in the global condition
in comparison with the local condition, and she showed a normal global to local
interference. These findings provide evidence that PS is able to perceive visual patterns
at the global level, just like normal observers.

This observation stands in contrast to the profile of response found in the same task in
many patients with visual agnosia, whose recognition impairment includes faces (Aviezer
et al., 2007; Behrmann et al., 2005; Behrmann & Kimchi, 2003; Humphreys et al., 1985;
Rapcsak et al., 1994). However, as mentioned in the introduction, it is not the first time
that a prosopagnosic patient succeeds at tasks measuring holistic processing with non-
face visual stimuli (De Renzi, 1986; De Renzi & di Pellegrino, 1998; De Renzi et al., 1991;
Henke et al., 1998; Takahashi et al., 1995), even though the evidence provided here
is particularly compelling, since the patient showed a global advantage and a global-to-
local interference that was as large as normal controls. Moreover, PS performed this task
as fast as controls, unlike the prosopagnosic patients tested in a similar task by Barton
(2009).

Interestingly, the prosopagnosic patients who showed evidence for preserved general
holistic processing apparently had, like PS, no object recognition difficulties. However,
the present evidence collected on PS is particularly interesting because, while showing
normal performance at the Navon task, she is clearly impaired at holistic face processing
(see Busigny & Rossion, 2009; Ramon et al., 2010). We note that evidence for such
a dissociation between preserved general holistic processing and impaired holistic
face processing could also possibly concern a previous case of acquired prosopagnosia
reported by Barton (2009): patient 009. Previous studies showed that patient 009 is able
to name vegetables and fruits, succeeds in tasks of overlapping figures and incomplete
letters recognition (Barton et al., 2004). Even though his individual data was not available,
he may also have a normal Navon effect (Barton, 2009). In contrast, this patient did
not present with the classical face whole-part advantage (De Gelder, Frissen, Barton,
& Hadjikhani, 2003), and he was strongly impaired at discriminating changes in face
configurations (Barton, 2008; Barton & Cherkasova, 2005).

Considering these observations altogether, we would like to stress the importance
of making distinctions between face-specific visual agnosia (prosopagnosia), and a
more extended visual agnosia characterized by impairment in both face and object
recognition. We believe that this distinction is crucial for understanding the nature
of acquired prosopagnosia. For the large majority of cases of prosopagnosia, the
loss of holistic/configural face processing is included in a wider deficit that makes
patients unable to process objects at the global level. This is the case for well-known
prosopagnosic/visual agnosic patients such as HJA (Riddoch & Humphreys, 1987), RB
(Davidoff & Landis, 1990), CR (Gauthier, Behrmann, & Tarr, 1999; Marotta, McKeeff, &
Behrmann, 2002), SM (Behrmann & Kimchi, 2003; Gauthier, Behrmann, & Tarr, 1999),
RN (Behrmann & Kimchi, 2003; Marotta et al., 2002), or DF (Steeves et al., 2006), and
also for patients whose visual recognition difficulties are more important for faces than
objects (e.g., Levine & Calvanio, 1989; Spillmann et al., 2000). However, some patients
like PS, as indicated by the present observations, do not appear to be impaired at all at
general holistic processing.

Altogether, these observations indicate that holistic processing as measured in the
Navon paradigm or other tests (visual closure, incomplete pictures, overlapping figures,
Kanizsa triangles, three-dimensional geometric figures, ...) can be functionally dissociated
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from impairment at holistic face processing as measured in the inversion, composite,
and whole-part face paradigms.

Why such a functional distinction? After all, faces are made of multiple parts (eye,
nose, mouth, ...) that are embedded in, and form, a global organization. Like in the Navon
task, the key aspect of holistic face processing as measured in these latter paradigms
is also that the processing of a local part (or even half of a face in the composite face
effect) is influenced by the global configuration of the stimulus. However, there is at
least one fundamental difference between processes measured by the global-to-local
influence in the Navon task as compared to the measures of holistic face processing:
the level at which it is applied, i.e., basic versus individual level of categorization. We
recently showed (Dricot, Busigny, Goebel, & Rossion, 2010) that the prosopagnosic
patient PS is capable of categorizing a visual stimulus as a face, even if it requires
global perception, for instance with Mooney face stimuli or in Arcimboldo paintings.
In contrast, she is in trouble when having to individualize faces, and her impairment
in holistic face processing always concerns the individualization of faces (Ramon et al.,
2010). Thus, it may be that pure prosopagnosics’ impairment is restricted to the category
of faces because it is the only category of visual items for which holistic processing at a
fine-grained (individual) level is necessary.

Conclusion

In the present study, we showed that the pure prosopagnosic patient PS tested in a
Navon hierarchical letters task presents with entirely normal object holistic processing.
These results contrast with the severe impairment of PS in processing individual
faces holistically and consequently indicate that holistic processing as measured with
global/local interference in the Navon paradigm is functionally distinct from the ability
to perceive an individual face holistically.

Acknowledgements

We are grateful to PS for her participation. We thank two anonymous reviewers for their
helpful commentaries on a previous version of this manuscript. This research was supported
by the Belgian National Fund for Scientific Research (FNRS) and a grant ARC 07/12-007,
Communauté Francaise de Belgique - Actions de Recherche Concertées.

References

Aviezer, H., Landau, A. N., Robertson, L. C., Peterson, M. A., Soroker, N., Sacher, Y., ... Bentin,
S. (2007). Implicit integration in a case of integrative visual agnosia. Neuropsychologia, 45,
2066-2077. doi: 10.1016/j.neuropsychologia.2007.01.024

Barton, J. J. S. (2008). Structure and function in acquired prosopagnosia: Lessons from a
series of 10 patients with brain damage. Journal of Neuropsychology, 2, 197-225. doi:
10.1348/174866407X214172

Barton, J. J. S. (2009). What is meant by impaired configural processing in acquired prosopagnosia?
Perception, 38, 242-260. doi: 10.1068/p6099

Barton, J. J. S., & Cherkasova, M. V. (2005). Impaired spatial coding within objects
but not between objects in prosopagnosia. Neurology, 65, 270-274. doi: 10.1212/
01.wnl.0000168901.98616.1¢



Navon effect and prosopagnosia 11

Barton, J.J. S., Cherkasova, M. V., Press, D. Z., Intriligator, J. M., & O’Connor, M. (2004). Perceptual
functions in prosopagnosia. Perception, 33, 939-956. doi: 10.1068/p5243

Beck, J. (1982). Organisation and representation in perception. Hillsdale, NJ: Erlbaum.

Behrmann, M., Avidan, G., Marotta, J. J., & Kimchi, R. (2005). Detailed exploration of face-
related processing in congenital prosopagnosia: 1. Behavioral findings. Journal of Cognitive
Neuroscience, 17(7), 1130-1149. doi: 10.1162/0898929054475154

Behrmann, M., & Kimchi, R. (2003). What does visual agnosia tell us about perceptual organization
and its relationship to object perception? Journal of Experimental Psychology: Human
Perception and Performance, 29(1), 19-42. doi: 10.1037/0096-1523.29.1.19

Bentin, S., DeGutis, J. M., D’Esposito, M., & Robertson, L. C. (2007). Too many trees to see
the forest: Performance, event-related potential, and functional magnetic resonance imaging
manifestations of integrative congenital prosopagnosia. Journal of Cognitive Neuroscience,
19(1), 132-146. doi: 10.1162/jocn.2007.19.1.132

Bentin, S., Deouell, L. Y., & Soroker, N. (1999). Selective visual streaming in face recognition:
Evidence from developmental prosopagnosia. Neuroreport, 10, 823-827. doi: 10.1097/
00001756-199903170-00029

Benton, A. L., & Van Allen, M. W. (1968). Impairment in facial recognition in patients with cerebral
disease. Transactions of the American Neurological Association, 93, 38-42.

Bodamer, J. (1947). Die prosopagnosie [The prosopagnosial. Archiv fiir Psychiatrie und Ner-
venkrankbeiten, 179, 6-54. Partial English translation by Ellis, H. D., & Florence, M. (1990).
Cognitive Neuropsychology, 7, 81-105..

Boutsen, L., & Humphreys, G. W. (2002). Face context interferes with local part processing in
a prosopagnosic patient. Neuropsychologia, 40, 2305-2313. doi: 10.1016/50028-3932(02)
00088-X

Bouvier, S. E., & Engel, S. A. (2006). Behavioral deficits and cortical damage loci in cerebral
achromatopsia. Cerebral Cortex, 16(2), 183-191. doi: 10.1093/cercor/bhi096

Busigny, T., Graf, M., Mayer, E., & Rossion, B. (2010). Acquired prosopagnosia as a face-specific
disorder: Ruling out the general visual similarity account. Neuropsychologia. Advance online
publication. doi:10.1016/j.neuropsychologia.2010.03.026

Busigny, T., & Rossion, B. (2009). Acquired prosopagnosia abolishes the face inversion effect.
Cortex. Advance online publication. doi:10.1016/j.cortex.2009.07.004

Caldara, R., Schyns, P., Mayer, E., Smith, M. L., Gosselin, F., & Rossion, B. (2005). Does
prosopagnosia take the eyes out from faces? Evidence for a defect in the use of diagnostic
facial information in a brain-damaged patient. Journal of Cognitive Neuroscience, 17, 1652~
1666. doi: 10.1162/089892905774597254

Crawford, J. R., & Garthwaite, P. H. (2002). Investigation of the single case in neuropsychology:
Confidence limits on the abnormality of test scores and test score differences. Neuropsycholo-
gia, 40, 1196-1208. doi: 10.1016/50028-3932(01)00224-X

Crawford, J. R., & Howell, D. C. (1998). Comparing an individual’s test score against norms derived
from small samples. Clinical Neuropsychologist, 12(4), 482-486.

Davidoff, J., & Landis, T. (1990). Recognition of unfamiliar faces in prosopagnosia. Neuropsycholo-
gia, 28(11), 1143-1161. doi: 10.1016/0028-3932(90)90051-O

Davidoff, J., Matthews, B., & Newcombe, F. (1986). Observations on a case of prosopagnosia. In
H. Ellis, M. Jeeves, F. Newcombe, & A. Young (Eds.), Aspects of face processing (pp. 279-290).
Dordrecht: Martinus Nijhoff.

De Gelder, B., Frissen, 1., Barton, J., & Hadjikhani, N. (2003). A modulatory role for facial
expressions in prosopagnosia. Proceedings of the National Acadeny of Sciences of the USA,
100(22), 13105-13110. doi: 10.1073/pnas.1735530100

Delvenne, J.-F., Seron, X., Coyette, F., & Rossion, B. (2004). Evidence for perceptual deficits in
associative visual (prosop)agnosia: A single-case study. Neuropsychologia, 42, 597-612. doi:
10.1016/j.neuropsychologia.2003.10.008

De Renzi, E. (1986). Current issues on prosopagnosia. In H. D. Ellis, M. A. Jeeves, F. Newcombe,
& A. Young (Eds.), Aspects of face processing (pp. 243-252). Dordrecht: Martinus Nijhoff.



12 Thomas Busigny and Bruno Rossion

De Renzi, E., & di Pellegrino, G. (1998). Prosopagnosia and alexia without object agnosia. Cortex,
34, 403-415. doi: 10.1016/S0010-9452(08)70763-9

De Renzi, E., Faglioni, P., Grossi, D., & Nichelli, P. (1991). Apperceptive and associative forms of
prosopagnosia. Cortex, 27(2), 213-221.

Dricot, L., Busigny, T., Goebel, R., & Rossion, B. (2010). Global face categorization in bigher-level
cortical visual areas of the normal and prosopagnosic brain: Towards a non-bierarchical
view of face perception. Manuscript submitted for publication..

Duchaine, B. C. (2000). Developmental prosopagnosia with normal configural processing.
Neuroreport, 11(1), 79-83. doi: 10.1097/00001756-200001170-00016

Duchaine, B. C., Germine, L., & Nakayama, K. (2007). Family resemblance: Ten family members
with prosopagnosia and within-class object agnosia. Cognitive Neuropsychology, 24(4), 419-
430. doi: 10.1080/02643290701380491

Galli, G. (1964). Prosopagnosia und normale Gesichtwahrnehmung [Prosopagnosia and normal
visual perception]. Wiener Zeitschrift fiir Nervenbeilkunde, 22, 28-37.

Gauthier, I., Behrmann, M., & Tarr, M. J. (1999). Can face recognition really be dissoci-
ated from object recognition? Journal of Cognitive Neuroscience, 11(4), 349-370. doi:
10.1162/089892999563472

Ghent, L. (1956). Perception of overlapping and embedded figures by children of different age.
American Journal of Psychology, 69, 575-581. doi: 10.2307/1419081

Gollin, E. S. (1960). Developmental studies of visual recognition of incomplete objects. Perceptual
and Motor Skills, 11, 289-298. doi: 10.2466/PMS.11.7.289-298

Hécaen, H., & Angelergues, R. (1962). Agnosia for faces. Archives of Neurology, 7, 92-100.

Henke, K., Schweinberger, S. R., Grigo, A., Klos, T., & Sommer, W. (1998). Specificity of face
recognition: Recognition of exemplars of non-face objects in prosopagnosia. Cortex, 34, 289-
296. doi: 10.1016/5S0010-9452(08)70756-1

Humphreys, G. W., Riddoch, M. J., & Quinlan, P. T. (1985). Interactive processes in perceptual
organisation. In M. L. Posner, & O. S. M. Marin (Eds.), Attention and performance XI (pp.
301-318). Hillsdale, NJ: Erlbaum.

Kanizsa, G. (1955). Margini quasi-percettivi in campi con stimolazione omogenea [Quasi-perceptual
margins in areas consistent with stimulation]. Rivista di Psicologia, 49, 7-30.

Kimchi, R. (1992). Primacy of wholistic processing and global/local paradigm: A critical review.
Psychological Bulletin, 112, 24-38. doi: 10.1037/0033-2909.112.1.24

Kohler, W. (1929). Gestalt psychology. New York: Liveright.

Lamb, M. R., Robertson, L. C., & Knight, R. T. (1989). Attention and interference in the
processing of global and local information: Effects of unilateral temporal-parietal junction
lesions. Neuropsychologia, 27, 471-483. doi: 10.1016/0028-3932(89)90052-3

Lé, S., Cardebat, D., Boulanouar, K., Hénaff, M.-A., Michel, F., Milner, D., ... Démonet, ]J.-F. 2002).
Seeing, since childhood, without ventral stream: A behavioural study. Brain, 125, 58-74. doi:
10.1093/brain/awf004

Levine, D. N., & Calvanio, R. (1989). Prosopagnosia: A defect in visual configural processing. Brain
and Cognition, 10, 149-170. doi: 10.1016/0278-2626(89)90051-1

Lhermitte, F., Chain, F., Escourolle, R., Ducarne, B., & Pillon, B. (1972). Etude anatomo-clinique
d’'un cas de prosopagnosie [Anatomo-clinical study of a case of prosopagnosial. Revue
Neurologique, 126(5), 329-346.

Marotta, J. J., McKeeff, T. J., & Behrmann, M. (2002). The effects of rotation and inversion on
face processing in prosopagnosia. Cognitive Neuropsychology, 19(1), 31-47. doi: 10.1080/
02643290143000079

Navon, D. (1977). Forest before trees: The precedence of global features in visual perception.
Cognitive Psychology, 9, 353-383. doi: 10.1016/0010-0285(77)90012-3

Navon, D. (2003). What does a compound letter tell the psychologist’s mind? Acta Psychologica,
114, 273-309. doi: 10.1016/j.actpsy.2003.06.002

Nunn, J. A., Postma, P., & Pearson, R. (2001). Developmental prosopagnosia: Should it be taken at
face value? Neurocase, 7, 15-27. doi: 10.1093/neucas/7.1.15



Navon effect and prosopagnosia 13

Orban de Xivry, J.J., Ramon, M., Lefevre, P., & Rossion, B. (2008). Reduced fixation of the eyes area
of personally familiar faces following acquired prosopagnosia. Journal of Neuropsychology,
2, 245-268. doi: 10.1348/174866407X260199

Poppelreuter, W. (1917). Die Psychischen Schadigungen durch Kopfschuss im Kriege 1914~
1916 [The psychic damage resulting from bead injury in the war 1914-1916]. Leipzig: L.
Voss.

Quaglino, A., & Borelli, G. (1867). Emiplegia sinistra con amaurosi - guarigione - perdita totale
della percezione dei colori e della memoria della configurazione degli oggetti [Left hemiplegia
with amaurosis - healing - total loss of color perception and memory configuration objects].
Giornale d’Oftalmologiia Italiano, 10, 106-117.

Ramon, M., Busigny, T., & Rossion, B. (2010). Impaired holistic processing of unfamiliar
individual faces in acquired prosopagnosia. Neuropsychologia, 48(4), 933-944. doi: 10.1016/
j-neuropsychologia.2009.11.014

Ramon, M., & Rossion, B. (2010). Impaired processing of relative distances between features and
of the eye region in acquired prosopagnosia - two sides of the same holistic coin? Cortex,
46(3), 374-389. doi: 10.1016/j.cortex.2009.06.001

Rapcsak, S. Z., Polster, M. R., Comer, J. F., & Rubens, A. B. (1994). False recognition and
misidentification of faces following right hemisphere damage. Cortex, 30, 565-583.

Riddoch, M. J., & Humphreys, G. W. (1987). A case of integrative visual agnosia. Brain, 110(6),
1431-1462. doi: 10.1093/brain/110.6.1431

Rondot, P., & Tzavaras, A. (1969). La prosopagnosie apres vingt années d’études cliniques et
neuropsychologiques [Prosopagnosia after twenty years of clinical and neuropsychological
studies]. Journal de Psychologie Normale et Pathologique, 66, 133-165.

Rossion, B., Caldara, R., Seghier, M., Schuller, A.-M., Lazeyras, F., & Mayer, E. (2003). A network of
occipito-temporal face-sensitive areas besides the right middle fusiform gyrus is necessary for
normal face processing. Brain, 126, 2381-2395. doi: 10.1093/brain/awg241

Rossion, B., Legrand, R., Kaiser, M., Bub, D., & Tanaka, J. (2009). Is the loss of diagnosticity
of the eye region of the face a common aspect of acquired prosopagnosia? Journal of
Neuropsychology, 3, 69-78. doi: 10.1348/174866408X289944

Rossion, B., & Pourtois, G. (2004). Revisiting Snodgrass and Vanderwart’s object databank: The role
of surface detail in basic level object recognition. Perception, 33, 217-236. doi: 10.1068/p5117

Saumier, D., Arguin, M., & Lassonde, M. (2001). Prosopagnosia: A case study involving problems
in processing configural information. Brain and Cognition, 46, 255-316. doi: 10.1016/
S0278-2626(00)91271-5

Schiltz, C., Sorger, B., Caldara, R., Ahmed, F., Mayer, E., Goebel, R., & Rossion, B. (2000).
Impaired face discrimination in acquired prosopagnosia is associated with abnormal response
to individual faces in the right middle fusiform gyrus. Cerebral Cortex, 16, 574-586. doi:
10.1093/cercor/bhjo05

Schneider, W., Eschman, A., & Zuccolotto, A. (2002). E-Prime reference guide. Pittsburgh, PA:
Psychology Software Tools.

Sergent, J., & Villemure, J. G. (1989). Prosopagnosia in a right hemispherectomized patient. Brain,
112(4), 975-995. doi: 10.1093/brain/112.4.975

Shepp, B. E., & Ballesteros, S. (1989). Object perception: Structure and process. Hillsdale, NJ:
Erlbaum.

Shuttleworth, E. C., Syring, V., & Allen, N. (1982). Further observations on the nature of
prosopagnosia. Brain and Cognition, 1, 302-332. doi: 10.1016/0278-2626(82)90031-8

Sorger, B., Goebel, R., Schiltz, C., & Rossion, B. (2007). Understanding the functional neuroanatomy
of prosopagnosia. Neuroimage, 35, 836-852. doi: 10.1016/j.neuroimage.2006.09.051

Spillmann, L., Laskowski, W., Lange, K. W., Kasper, E., & Schmidt, D. (2000). Stroke-blind for
colors, faces and locations: Partial recovery after three years. Restorative Neurology and
Neuroscience, 17, 89-103.

Steeves, J. K., Culham, J. C., Duchaine, B. C., Pratesi, C. C., Valyear, K. F., Schindler, L., ...
Goodale, M. A. (20006). The fusiform face area is not sufficient for face recognition: Evidence



14 Thomas Busigny and Bruno Rossion

from a patient with dense prosopagnosia and no occipital face area. Neuropsychologia, 44(4),
594-609. doi: 10.1016/j.neuropsychologia.2005.06.013

Street, R. F. (1931). A Gestalt Completion Test: A study of a cross section of intellect. New York:
Bureau of Publications, Teachers College, Columbia University.

Takahashi, N., Kawamura, M., Hirayama, K., Shiota, J., & Isono, O. (1995). Prosopagnosia: A clinical
and anatomical study of four patients. Cortex, 31(2), 317-329.

Uttal, W. R. (1988). On seeing forms. Hillsdale, NJ: Erlbaum.

Van Belle, G., de Graef, P., Verfaillie, K., Busigny, T., & Rossion, B. (2010). Whole not bhole: Expert
Jface recognition requires global perception. Manuscript submitted for publication..

Warrington, E. K. (1984). Recognition Memory Test. Windsor: NFER.

Wertheimer, M. (1967). Gestalt theory. In W. D. Ellis (Ed.), A source book of Gestalt psychology
(pp. 1-11). New York: Humanities Press.

Received |3 January 2010; revised version received |15 March 2010



	Methods
	Results
	Discussion
	Acknowledgements
	References

